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Locking element 

The invention relates to a locking element for lock- 
ing and unlocking a cable connector and a counterpart, said 
locking element extending along a longitudinal axis between a 
rear side and a mating side, said mating side comprising two or 
5 more resilient beams extending substantially parallel to said 
longitudinal axis and containing one or more locking structures 
comprising an insertion surface and a locking surface disposed 
at angles with said longitudinal axis. 

US 6,511,339 discloses a cable connector assembly 

10 comprising a plug connector and a push lock retained in that 

plug connector by a retaining portion. The push lock comprises 
an annular peripheral fastener disposed on elastic beams for- 
wardly from the retaining portion for locking to a receptacle 
connector. The receptacle connector comprises a groove for en- 

15 gaging with the fastener of the plug connector. The elastic 

beams can be manipulated by squeezing a press portion to con- 
nect or withdraw the plug connector from the receptacle 
connector. 

The prior art locking approach is disadvantageous in 
2 0 that the locking element is not generally applicable as one or 
more components of the cable connector assembly have to be 
adapted to allow the locking element to attach the components 
to each other, e.g. by providing an additional groove. 

It is an object of the present invention to provide a 
2 5 locking element enabling locking of the components of a connec- 
tor system without requiring any adaptation of these 
components . 

This object is achieved by providing a locking ele- 
ment characterized in that said insertion surface and said 

30 locking surface have an inclined orientation with respect to 

said longitudinal axis wherein said angle of said locking sur- 
face is larger than said angle of said insertion surface but 
substantially smaller than 90 degrees. Such a locking element 
can be easily inserted by pushing in a simple hole in the 

35 counter part that is typically present for insertion of a screw 
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or the like. The inclination of the insertion surface is small 
to reduce the required insertion force. The locking element may 
be attached to the cable connector and locks the cable connec- 
tor to the counterpart by means of the locking surface that 
5 interferes with the counterpart after the locking structure has 
been pushed through the hole in the counterpart. As the cable 
connector may need to be unlocked from the counterpart, the an- 
gle of the locking surface is substantially smaller than 90 
degrees, such that the locking element can be released simply 

10 by pulling. Preferably, the insertion surface and the locking 

surface substantially determine the shape of the locking struc- 
ture. Thus the invention provides a generally applicable 
locking element, that may e.g. replace a screw that is conven- 
tionally applied for locking a cable connector to a 

15 counterpart, such as a board connector or panel. 

In an embodiment of the invention a solid of revolu- 
tion of said locking structure comprises a substantially 
conical ly shaped portion. Such a portion of the locking struc- 
ture may be determined by a first solid of revolution having a 

2 0 first substantially conical shape and a second solid of revolu- 
tion having a second substantially conical shape and wherein 
said insertion surface is determined by a surface of said first 
substantially conical shape and said locking surface is deter- 
mined by a surface of said second substantially conical shape. 

25 The conical geometry of the locking structure is advantageous 
from a manufacturing point of view as the locking element may 
have a circular symmetric geometry. 

In an embodiment of the invention the locking element 
comprises one or more slits. In such a construction of the 

30 locking element, the resilient beams are an integral part of 
the locking element. Preferably the resilient beams are such 
that they are stronger near the bottom of the slit. 

In an embodiment of the invention the locking element 
comprises a hole at or near the mating side determining said 

35 resilient beams. Such a construction of the locking element is 
more robust as the beams meet at the mating end of the locking 
element . 
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In a preferred embodiment of the invention the mating 
ends of said resilient beams are rounded off. Such a smooth in- 
terface avoids severe damage of e.g. the thread in the hole of 
the counterpart during the insertion of the locking element. 
5 In a preferred embodiment of the invention the lock- 

ing element comprises a retaining structure adapted to keep the 
locking element attached to either the cable connector or the 
counterpart. Such a retaining structure allows for pre- 
integration of the locking element in either the cable connec- 

10 tor of the counterpart as a consequence of which installation 
in the field is facilitated. 

The invention also relates to a connector system com- 
prising a cable connector and a board connector, wherein one or 
more locking elements are applied to connect said cable connec- 

15 tor and board connector, said locking elements having a locking 
structure and extending along a longitudinal axis between a 
rear side and a mating side. The locking structure is disposed 
on one or more resilient beams extending substantially parallel 
to said longitudinal axis . The locking element moreover allows 

2 0 quick installation and removal of cable connectors from a panel 
as locking and unlocking is accomplished by simply pushing or 
pulling the locking elements enabled by the resilient beams on 
e.g. a backpanel in telecom industry. The connection between 
the cable connector and board connector may be electrical or 

2 5 optical. 

Preferably the locking structure comprises an inser- 
tion surface and, more preferably, also a locking surface 
having an inclined orientation with respect to said longitudi- 
nal axis wherein the inclination angle of said locking surface 

30 is larger than the inclination angle of said insertion surface 
but substantially smaller than 90 degrees. In such an embodi- 
ment conventional cable connectors and board connectors can be 
applied while the conventionally applied screws for locking the 
components can be replaced by the locking element according to 

35 this embodiment. The locking element may further comprise the 
features as described above. 
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The locking elements may have different lengths along 
the longitudinal axis, thereby allowing to match different ref- 
erence planes in the connector system. 

The cable connector and the board connector may con- 
5 nect to each other via an aperture in a panel, such as a 

backpanel. The locking element may comprise a retaining struc- 
ture that is adapted to keep said locking element attached to 
said panel. In this reverse situation the locking element is 
part of or integrated in the backpanel and engages with e.g. a 
10 hole in the cable connector. 

The invention will be further illustrated with refer- 
ence to the attached drawings, which shows a preferred 
embodiments according to the invention. It will be understood 
that the locking element and the connector system according to 
15 the invention are not in any way restricted to this specific 
and preferred embodiment. 

Fig. 1 shows an overview of a connector system accord- 
ing to an embodiment of the invention; 

Fig. 2 shows a more detailed view of a connector sys- 

2 0 tern wherein the cable connector is locked; 

Fig . 3 shows an exploded view of a cable connector for 
use in a connector system according to an embodiment of the in- 
vention; 

Figs. 4A and 4B show a locking element according to a 
25 first embodiment of the invention; 

Figs. 5A - 5C show a detailed view in perspective/* in 
cross-section A-A an in top view of a locking structure of the 
locking element as displayed in Fig. 4B; 

Fig. 6 shows an illustrative graph for the insertion 
30 and withdrawal characteristics of the locking element according 
to the first embodiment of the invention; 

Fig . 7 shows a locking element according to a second 
embodiment of the invention; 

Fig. 8 shows a panel including a locking element as 

3 5 shown in Fig. 5. 

Figs . 1 and 2 show an overview of a connector system 1 
comprising a cable connector 2, board connectors 3 positioned 
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on a circuit board 4. The cable connector 2 connects wires (see 
Fig. 3) of a cable 5 via the board connector 3 to signal tracks 
(not visible) of the circuit board 4 if the cable connector 2 
is connected to the board connector 3. To establish this con- 
5 nection the cable connector 2 is inserted in an appropriate 

aperture 6 of a panel 7. The cable connector 2 is locked to the 
board connector 3 by insertion of the locking elements 8 and 9 
through openings 10 in the panel 7 and holes 11 and 11' in the 
board connector 3. The openings and/or holes 11 may comprise a 

10 thread as they usually do to engage with a jack screw to enable 
conventional locking. The holes 11 and 11' are conventionally 
manufactured in flanges of the board connector 3 . The surfaces 
12 and 12 r provide reference planes for the locking operation 
according to the invention. The locking elements 8 and 9, here- 

15 inafter also referred to as pins, are described in more detail 
below. 

Fig. 3 shows an exploded view of the cable connector 2 
shown in Figs. 1 and 2. The cable connector 2 comprises housing 
parts 3 0 and 31 adapted to accommodate a ferrule arrangement 32 

20 and a connecting element 33 terminating wires 34 of the cable 
5. This cable connector is a conventional connector that is 
well known in the connector field. Typically the recesses 35 
provide openings to accommodate screws to lock the cable con- 
nector 2 to a counterpart. However, according to an embodiment 

25 of the invention these conventionally present openings are used 
to accommodate the pins 8, 9 to lock the cable connector 2 to 
the board connector 3. The pins 8, 9 may be preinstalled in the 
cable connector 2 by applying the pins in the recesses 25 and 
closing the housing parts 30, 31. This closing is facilitated 

30 by the pillars 36 and corresponding holes 37. 

Figs. 4A and 4B show a long pin 8 and a shorter pin 9 
according to a first embodiment of the invention and extending 
along a longitudinal axis 4 0 between a rear side 41 and a mat- 
ing side 42. The short pin 9 may e.g. measure 15 mm along the 

35 longitudinal axis 40, while the long pin 8 measures 20 mm. Pins 
of different length are advantageous as the holes 11 and 11' 
may be at different distances behind the panel 7 (see Fig. 1) 
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such that the reference faces 12, 12 ' (see Fig. 2) for locking 
are different for the pins 8 and 9 respectively. The pins 8, 9 
comprise resilient beams 43 that extend substantially parallel 
to the longitudinal axis 40 and contain locking structures 44 . 
5 A slit 45 is determined by the walls 46 of the beams 43. It is 
noted that the pins 8, 9 may contain more slits 4 5 such that 
more resilient beams 43 are provided and one or more of these 
beams may contain a locking structure 44. The pins 8, 9 com- 
prise retaining structures 47, here in the form of a groove, 
10 that enable the pins 8, 9 to remain in a cable connector 2. 

Figs. 5A - 5C shows a detailed view of a conically 
shaped locking structure 44 of the pin 9 as displayed in Fig. 
4B. The locking structure comprises a ramp having an insertion 
surface 50 and a locking surface 51 with an inclined orienta- 
ls tion over angles a and a' respectively with respect to the 

longitudinal axis 40. Apart from the small connecting portion 
52, the insertion surface 50 and locking surface 51 entirely 
determine the locking structure 44. In Fig. 5A the locking 
structure 44 is determined by a first solid of revolution hav- 

2 0 ing a first substantially conical shape and a second solid of 

revolution having a second substantially conical shape wherein 
the insertion surfaces 50 are determined by the first substan- 
tially conical shape and the locking surfaces 51 (only one is 
visible) are determined by the surface of said second substan- 
25 tially conical shape. The locking surface 51 can also be 

referred to as an unlocking surface 51 as the geometry of this 
surface is adapted to enable unlocking of the pin 8,9 from the 
hole to which is attached. 

The angles a and a' are such that the angle of the 

3 0 locking surface is larger than the angle of the insertion sur- 

face but substantially smaller than 90 degrees. As an example 
the angle a for the insertion surface 50 may be 14 degrees and 
for the angle a' 20 degrees. The insertion and unlocking forces 
may also be dependent on the friction that is experienced be- 
35 tween the surfaces 50, 51 and the counterpart 3,7. A pin 8, 9 

with such an angle a for insertion surface 50 can be easily in- 
serted by pushing in a simple hole 11, H' or 10, 10' of the 
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board connector 3 or panel 7 respectively that is typically 
present for insertion of a screw or the like. The inclination 
of the insertion surface 50 is small to reduce the required in- 
sertion force for the pin 8,9. The pin 8, 9 may be attached to 
5 the board connector 3 or panel 7 by means of the locking sur- 
face 51 that interferes with the board connector 3 or panel 7 
after the locking structure 44 has been pushed through the hole 
11, 11' or 10, 10' respectively. As the pin 8,9 it to be 
unlocked, the angle a' of the locking surface 51 should be sub- 

10 stantially smaller than 90 degrees, such that the pin 8, 9 can 
be released simply by pulling. However, as a' exceeds a the 
force to release the pin 8, 9 is larger than the force required 
for insertion of the pin 8, 9. 

In operation the pins 8, 9 can be used instead of a 

15 conventionally applied jack screw, without a need for modifying 
or adapting the components 2, 3 of the connector system 1. The 
pins 8, 9 can replace the screws in the cable connector 2 on 
locations provided by the recesses 35 (see Fig. 3) and can be 
pushed through the threaded hole 10, 10' and/or 11, 11' in the 

20 board connector 3 and/or panel 7, as the resilient beams 43 ap- 
propriately deflect to pass the threads by the geometry of the 
insertion surface 50. Locking occurs after the hole 10, 10' 
and/or 11, 11' has been passed by the locking structure 44 as 
the locking surface 51 interferes with the reference planes 12, 

25 12' wherein the holes 10, 10' and/or 11, 11' have been defined. 
The cable connector 2 can be released again by pulling in which 
situation the resilient beams deflect again by the appropriate 
geometry of the locking surface 51. If need be, screws can be 
applied later on, as the threads of the holes 10, 10' and/or 

30 11, 11' are not substantially damaged by the insertion of the 

pins. This non-destructive behaviour is obtained as a result of 
the smooth surface of the connecting portion 52 and the 
rounded-off mating ends 53 together with the resiliency of the 
beams 43 . 

35 Fig. 6 shows an illustrative mating cycle for the in- 

sertion and withdrawal of a pin 8, 9 from a threaded hole. It 
was determined that the maximum forces for mating were approxi- 
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mately 35 Newtons for a=14,25° and for unmating 45 Newtons for 
a' =20. 3°. Further the characteristics showed a decrease in the 
withdrawal force of about 15% after 105 mating cycles. The 
threaded holes were still suitable for insertion of a screw af- 
5 ter these cycles . 

Fig. 7 shows a locking element 60 according to a sec- 
ond embodiment of the invention extending between a rear side 
61 and a mating side 62 along a longitudinal axis 63, compris- 
ing a needle eye-shaped hole 64 determining resilient beams 65, 

10 such that the beams 65 meet at the mating side 62. The beams 65 
comprise a locking structure 66, comprising an insertion sur- 
face 67 and a locking surface 68 as described in more detail 
above. As the beams 65 are integrated at the mating side 62 to 
define an integrated mating end, the locking element 60 is more 

15 robust compared to the pins 8, 9 as shown in Figs. 4A and 4B. 
The integrated mating end is rounded off to avoid damage in a 
threaded hole of a counterpart. The locking element 60 further 
comprises a retaining structure 69 allowing the locking element 
60 to be accommodated in the spaces defined by e.g. the re- 

2 0 cesses 3 5 or the cable connector 2. 

Instead of accommodation of the locking element 8, 9, 
60 in the cable connector 2 before locking, an embodiment of 
the invention also allows the accommodation of the locking ele- 
ment 8, 9, 60 in the counterpart, such as the board connector 3 

25 or the panel 7. Fig. 8 shows an example wherein the locking 

element 60 of Fig. 7 is integrated in the panel 7. Such a re- 
verse situation allows the provision of components on the 
circuit board 4 immediately behind the holes 10, 11. 

In operation, a cable connector 2 can be locked to 

30 the panel 7 by inserting the locking element 60 through the 

holes, defined by the recesses 35 when the housing parts 30, 31 
meet. The inclination of the insertion surface 67 with the lon- 
gitudinal axis 63 is such that insertion through the holes in 
the cable connector is facilitated, while the inclination of 

35 the locking surface 68 is such that it provides both appropri- 
ate locking and the possibility to withdraw the cable connector 
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2 from the panel 7. The retainer structure 69 fixates the lock- 
ing element 60 to the panel 7. 



